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Abstract 

This invited autobiography reviews the career of Michael N. Sawka. Influences: Dr. Sawka will soon retire after a 
40-year research career and was influenced by great professors, mentors and colleagues. Career Path: After working 
at the Dayton Veterans Administration Medical Center and Wright State University, Dr. Sawka's remaining 32 years 
were at the US Army Research Institute of Environmental Medicine. Research Story: His primary research thrusts 
included: 1) physiology of upper body exercise; 2) blood volume and its impact on thermoregulation and 
performance; 3) hydration and its impact on thermoregulation and performance; and 4) heat stress physiology - 
adaptations / maladaptations and performance. Summary: His career highlights were the personal interactions, 
intellectual excitement and satisfaction of producing knowledge that will be "tested by time". 
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Influences 

It is difficult to imagine that I will be soon retiring. The 
rapidity with which -40 years of research has passed is 
testimony to the incredible enjoyment I received from 
my career. I was fortunate to be influenced by great pro- 
fessors (Drs. Neil Anderson and Herb Weber at East 
Stroudsburg University; Drs. Jerry Critz and Ron Knowlton 
at Southern Illinois University), mentors (Drs. Carl Gisolfi, 
John Greenleaf, Ethan Nadel, Kent Pandolf), colleagues 
(Drs. Ralph Francesconi, Roger Glaser, Rich Gonzalez, Dan 
Miles, Bruce Wenger, Andy Young) and many bright 
young scientists (e.g., Figure 1). Most importantly I was 
blessed with a wonderful wife who always supported me 
and quietly tolerated the long hours, a father who 
demanded a strong work ethic, and a mother who encou- 
raged me to be inquisitive and enjoy thinking. 

An important inspiration for my future research 
came during the summer of 1974 when I studied 
with Dr. Bruno Balke (Aspen Institute). Dr. Balke pio- 
neered exercise stress testing and was a prominent en- 
vironmental medicine scientist. He introduced me to 
the fascination of studying physiological integration by 
imposing an environmental (thermal and hypoxic) 
stress upon a human engaged in physical exertion. This 
was the genesis of my research theme of "tweaking" the 
human body with multiple stressors to help reveal 
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physiological mechanisms of compensation, adaptation 
and maladaptation. 

Career path 

I never planned a career path, it just evolved from a series 
of events. I was raised in Northern New Jersey and Eastern 
Pennsylvania and had a vague idea of being a coach, biol- 
ogy teacher or Physical Therapist. My family were Coca- 
Cola bottlers so as a teenager I delivered soda to East 
Stroudsburg University (ESU), which was in our territory, 
and became friendly with many coaches, faculty and 
administrators. Therefore, ESU was my natural college 
choice and I immediately became interested in physiology 
through the exciting lectures of Dr. Neil Anderson. I then 
met Dr. Herb Weber who mentored me and employed me 
in the Cardiac Rehabilitation Program. As a result, from 
my second undergraduate year on, I was immersed in 
some aspect of exercise physiology. Upon graduating (B. 
S. degree), I was accepted into a physical therapy pro- 
gram and planned to go that route. Dr. Weber encour- 
aged me to stay at ESU for my MS degree, as I had 
already completed >50% of the graduate credits, and to 
later apply to Ph.D. programs. Dr. Weber and Dr. Ron 
Knowlton from Southern Illinois University (SIU) were 
friends, and Ron Knowlton taught a summer course at 
ESU. As a result, I developed a deep respect for Dr. 
Knowlton and chose SIU for my Ph.D. studies. SIU was 
a wonderful experience with great mentoring from Ron 
Knowlton and the recently arrived Jerry Critz. My 
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Figure 1 The USARIEM "heat stress performance and hydration team" of Brett Ely, John Castellani, Sam Cheuvront, Mike Sawka, Nisha 
Charkoudian, Bob Kenefick and Scott Montain (left to right) in March 2012. 



dissertation was on dehydration, thermoregulation and 
cardiovascular control during prolonged exercise [1,2]. 
It is interesting that I would return to many of these 
research topics later in my career. 

At the 1977 American Physiological Society meetings, 
I met Dr. Roger Glaser who offered me a post-doctoral 
fellowship at the Dayton Veterans Administration Med- 
ical Center to study the health and exercise capabilities 
of wheelchair dependent patients. Later I moved, across 
town, to a faculty position at Wright State University 
School of Medicine and this provided an opportunity to 
broaden my research scope (with collaborators Roger 
Glaser, Dan Miles and Jerry Petrofsky) to include skeletal 
muscle metabolism and upper body exercise. The com- 
bination of isometric with dynamic exercise and use of a 
small skeletal muscle mass posed many interesting 
physiology problems and the research findings resulted 
in my first review paper [3] . 

In 1980 I moved to the US Army Research Institute of 
Environmental Medicine (USARIEM, Natick, MA) to be- 
come a full-time research scientist. USARIEM provided an 
opportunity to study environmental physiology and move 
back to the "East Coast". USARIEM had great facilities and 
tradition (preceding scientists such as Drs. Dave Bass, 
Clark Blatteis, Ellsworth Buskirk, G. Edger Folk, Mel 
Fregley, L. Howard Hartley, A.R. Lind) that were ex- 
tremely motivating. Most importantly, USARIEM pro- 
vided the opportunity to conduct environmental 
research that had direct bearing on the health and safety 
of courageous young men and women who risk their 
lives for our freedom. This fundamental reality facilitated 



a culture of methodical and solid science upon which to 
base military doctrine. At USARIEM, Drs. Kent Pandolf 
and Ralph Francesconi provided me great mentoring 
and friendship. In addition, we were later enriched when 
Drs. Richard Gonzalez and Bruce Wenger moved to USAR- 
IEM from the J.B. Pierce Foundation Laboratory at Yale 
University. Those were exciting times and culminated in 
publishing our graduate textbook on Environmental 
Medicine [4], the writing of which was a scientifically 
broadening experience. I continued at USARIEM assuming 
a variety of senior positions, but my love was always the 
science and the interaction with my collaborators. 

I was asked to comment on who I influenced. I am un- 
sure who I have influenced, but am very proud of my 
post-doctoral fellows (Steve Muza, Keith Prusaczyk, 
Scott J. Montain, John Castellani, Bill Latzka, Sam 
Cheuvront, Robert Carter III and David DeGroot) and 
the numerous students who worked in our laboratories 
and later become accomplished physiologists (e.g., Rob 
Boushel. Nisha Charkoudian, Catherine Gabaree, Darrel 
Neufer, Dae Taek Lee). 

Research story 

It would be inappropriate to write my research story with- 
out fully acknowledging the wonderful contributions of 
USARIEM, of which I have been only a small part [5,6]. My 
research primarily focused on three broad topics: (1) blood 
(plasma and erythrocyte) volume and its impact on thermo- 
regulation and performance [7], (2) hydration impact on 
thermoregulation and performance [8], (3) and heat stress 
physiology - adaptations / maladaptations and performance 
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[9]. In addition, I collaborated with Drs. John Castellani, 
Steve Muza, Andy Young and others on adaptations and fa- 
tigue mechanisms associated with cold and high-altitude 
stressors [10,11]. 

For me the most fascinating studies were those which in- 
dependently manipulated erythrocyte volume, plasma vol- 
ume and hydration to determine their independent effects 
on thermoregulation and performance [7,8]. Critical colla- 
borators included Drs. Robert Valeri and Richard Dennis 
at the Naval Blood Research Laboratory (then at Boston 
University Medical School). My favorite study examined 
the role of erythrocyte volume expansion on thermoregula- 
tion, in which we found the greater the perturbation (dehy- 
dration) the greater the benefits during exercise-heat stress 
[12]. Figure 2 shows myself and fellow subjects of that 
study - in those days you could participate in your own 
experiments. Unfortunately, I discontinued my research on 
erythrocyte volume expansion because political sensitivity 
dissuaded the funding of subsequent grant proposals. 

If I were a young investigator, there would be many re- 
search questions which I would like to follow up. Larry 
Sonna determined that prior viral infection might predis- 
pose individuals for exertional heat stroke [13]. Dr. Lisa 
Leon is continuing research on this "multiple-hit" hypo- 
thesis that suggests such an exposure might neutralize the 
protective molecular adaptations from heat acclimation 
[9]. Research on the potential health impact of dehydration 
has not progressed because there is no single valid measure 
of hydration status [14]. Dr. Sam Cheuvront (see Figure 1) 
is developing (with industrial partners) technologies for a 



valid non-invasive hydration status measure. We believe 
that exercise performance in the heat is impaired because 
of high skin blood flow requirements [15] and hypovolemia 
[16] via the cardiovascular system rather than a "critical 
core temperature" as is a popular belief in the sports 
medicine literature [17]. Drs. Bob Kenefick and Nisha 
Charkoudian (see Figure 1) are continuing research to de- 
termine if blood pressure control (challenged by vasodila- 
tion and hypovolemia) provides the critical signals for 
impairing exercise-heat performance. There are many un- 
answered questions regarding heat acclimation and asso- 
ciated molecular adaptations [18] and their impact on 
exercise performance in temperate conditions [19]. The 
questions regarding molecular adaptation to heat acclima- 
tion are being addressed by USARIEM investigator Dr. 
James McClung collaborating with Dr. Jeff Hasday at the 
University of Maryland Medical School; while heat acclima- 
tion and performance in temperate environments questions 
will hopefully be followed-up by Ms. Brett Ely (see Figure 1) 
who is starting her Ph.D. with Dr. Chris Minson (advisor to 
Dr. Santiago Lorenzo who conducted the most complete 
study on this topic) at the University of Oregon. 



Summary 

I have thoroughly enjoyed my career, have no regrets, and 
would not change any aspect of it. My advice to students is 
to seek a career path that you really enjoy and that matches 
your personality. Science takes incredibly long hours and 
"thick skin", but the personal interactions, intellectual 




Figure 2 Volunteers Mike Sawka, Rich Weringo, Steve Muza, Andy Young and Bill Latzka (left to right) for the erythrocyte volume 
expansion and dehydration study conducted in December 1987. 
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excitement and satisfaction of producing knowledge that 
will be "tested by time" is incredibly fun and rewarding. 
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